1. Introduction {#sec1}
===============

Oxytocin, a neuropeptide produced in the hypothalamus, has gained considerable attention given its presumed role in prosocial behaviors ([@bib15]). In this regard, endogenous oxytocin levels have been associated with trust behaviors ([@bib57], [@bib29]), maternal sensitivity ([@bib17]) and empathy towards strangers ([@bib2]). Furthermore, administration of oxytocin by nasal spray promotes enhanced generosity ([@bib58]), trust ([@bib31]), empathy ([@bib14]), positive communication ([@bib13]), and helping behavior ([@bib43]).

Through interactions with other biological systems, oxytocin can modulate stress responses, such as cortisol and cytokine reactivity, and may thus be germane to stress-related psychological disorders ([@bib37]). For instance, intranasal oxytocin attenuated salivary cortisol elevations elicited by a physical stressor ([@bib5]), limited the cortisol rise elicited by social ostracism ([@bib35]) and that associated with couple conflict ([@bib13]). As encouraging as these data seem, a recent meta-analysis indicated a modest non-significant effect of intranasal oxytocin in attenuating cortisol levels during stressful laboratory tasks. However, a dampening effect of oxytocin on cortisol was apparent in those studies that involved a challenging laboratory task that elicited a robust stimulation of the HPA-axis as well as in studies involving clinical populations ([@bib4]).

It is likely that social interactions and social support are important components of the stress-attenuating effects of oxytocin. Social support and enhanced connectedness is strongly associated with improved physical ([@bib55]) and mental health ([@bib9]), and provides an important method of dealing with stressors, thereby attenuating the propensity for illness development ([@bib24]). In this regard, social support diminished cortisol and activation of the dorsal anterior cingulate cortex elicited by a psychosocial stressor ([@bib16]). Furthermore, in males who received social support coupled with intranasal oxytocin prior to a laboratory stressor (Trier Social Stress Test; TSST), a less pronounced cortisol rise occurred compared to individuals who received either social support, oxytocin or neither of these treatments ([@bib22]). Following a social stressor, children who were able to see or hear their mothers, had higher oxytocin levels and cortisol levels were diminished compared to children that had no-contact with their mothers ([@bib44]). To be sure, the effectiveness of social support in attenuating stressor responses may vary as a function of the quality of the support provided, or the closeness and empathy of the person providing support ([@bib25], [@bib24]).

There have been several studies that assessed the influence of intranasal oxytocin on stress responses, but relatively few reports examined the effect of acute stressors on endogenous oxytocin levels in women under ordinary conditions (i.e. in the absence of lactation and mother-infant bonding). Moreover, the data that have been reported concerning oxytocin release in response to acute psychosocial stressors have been inconsistent ([@bib50], [@bib12], [@bib44], [@bib41]), possibly being related to various procedural differences, including the way in which oxytocin levels were determined. In particular, in some studies oxytocin was measured without first extracting the hormone from blood, and thus molecules in addition to oxytocin might have been tagged, yielding exceptionally high levels, likely reflecting oxytocin together with other factors that were present (see [@bib48], for a discussion of this topic).

The overarching aim of the current investigation was to determine, whether plasma oxytocin levels among women, would increase in response to a psychosocial stressor. Women were chosen for the current investigation as it has been suggested that plasma oxytocin might be most relevant to women, and vasopressin to men ([@bib51]). This may be particularly relevant as estrogen regulates oxytocin functioning (i.e. transcription of oxytocin as well as its receptor; [@bib6]). Psychosocial responses and biological variations, including cortisol, oxytocin, and estradiol levels, were assessed in women at baseline and following the TSST. Efforts were made to eliminate factors that could confound the potential effects of stressors on oxytocin levels. For instance, in the current study, using females, the effects of a stressor were assessed on circulating oxytocin in properly extracted samples. Furthermore, as self-reported menstrual phase may be unreliable, and estrogen can regulate oxytocin functioning; ([@bib6]), estradiol levels were also assessed. As well, in the present study, the impact of support from a close female friend was assessed, considering that social support coming from a male may be less effective ([@bib18]). It was hypothesized that having social support from a close female friend would attenuate anxiety, negative mood outcomes as well as cortisol stress responses. However, it was uncertain whether or not oxytocin levels would be expected to rise in response to the stressor or social support manipulation. Conflicting findings were reported in this regard, with some indicating that oxytocin either does not increase in response to a stressor irrespective of social support ([@bib50], [@bib12]), increases in response to a stressor if social support is also present ([@bib44]), or increases in response to a stressor in the absence of support ([@bib41]). Given these disparate findings, in the present investigation we also examined whether qualities of the individual providing support, including empathy, would be related to the participants stress responses. Conceivably, elevated empathy among individuals providing support may affect stress responses among participants, resulting in attenuated stressor effects.

2. Methods {#sec2}
==========

2.1. Participants {#sec2.1}
-----------------

The study included female undergraduate students (N = 67) from Carleton University ranging in age from 17 to 30 years (*M*~*age*~ = 19.37, *SD* = 2.08) that were recruited using the online SONA system. Participants represented an ethnically diverse sample comprising White (50.7%, *n* = 34), Black (19.4%, *n* = 13) Arab/West Asian (9.0%, *n* = 6) Asian (6.0%, *n* = 4), Latin American/Hispanic (4.5%, *n* = 3), South Asian (2.0%, *n* = 3), South East Asian (1.5%, *n* = 1), Aboriginal (1.5%, *n* = 1), and other (1.0%, *n* = 3). In addition to these participants, data relevant to several psychosocial factors were collected from the friends who provided social support during the laboratory session (*n* = 18). This group of individuals ranged in age from 17 to 21 years with a mean age of 18.78 (*SD* = 1.17) and comprised an ethnically diverse sample that included White (61.1%, *n* = 11), Black (16.7%, *n* = 3), Asian (5.6%, *n* = 1), South Asian (5.6%, *n* = 1), South East Asian (5.6%, *n* = 1), and other (5.6%, *n* = 1).

2.2. General procedure {#sec2.2}
----------------------

The current study was conducted in two phases. Participants first completed a brief on-line pre-screening questionnaire (Part 1) that determined eligibility for the laboratory session that comprised the TSST and a blood draw (Part 2). The on-line pre-screening questionnaire assessed the presence of a number of exclusion criteria, such as medical conditions or medications that may influence hormone functioning, as well as issues surrounding blood sampling (e.g. a fear of needles, previous history of nausea or fainting during blood collection, or difficulty with veins). Eligible participants were then randomly assigned to one of three conditions: stress-social support (participants were asked to bring a friend to a laboratory session, *n* = 18), stress-no support (participants arrived alone to the laboratory session, *n* = 23) or controls (no stress, no friend, *n* = 26). To avoid a selection bias, all participants who stated they could bring a close females friend were randomly assigned to one of the three conditions, including that in which no friend was present.

### 2.2.1. Laboratory session {#sec2.2.1}

All procedures in this study were approved by the Carleton University Ethics Committee for Psychological Research. Laboratory sessions were conducted between 1300 and 1730 h, and women were asked not to eat, drink (with the exception of water) or smoke for at least an hour before arriving to the session. Once informed consent was signed, participants filled out a number of questionnaires assessing demographic information (including information on oral contraceptive use and menstrual cycle phase), depressive symptomatology and a relationship closeness measure (related to the friend they brought with them to the laboratory session). This allowed participants 30 min to habituate to the laboratory environment. Upon completion of these measures, a registered nurse inserted a catheter into the participants' non-dominant arm for blood collection. Participants were then asked to relax for 10 min to habituate to the catheter. Following the relaxation period, participants in the stress conditions were instructed that they would be given 10 min to prepare for an employment task comprising a five-minute speech and five-minute mental arithmetic task in front of a panel of graduate student judges. In addition, participants were told they were being videotaped during the psychosocial stressor.

During the 10-min preparatory period, participants in the stress-no support condition prepared for the stressor alone, whereas participants within the stress-social support condition had their friend present. The friends were instructed to provide emotional and/or instrumental support to the participant. Immediately following the 10 min preparatory period, participants in the two stressor conditions underwent the TSST. Participants in the control condition were asked to complete an employment task, which comprised writing down their strengths and past work/volunteer experience on a form. Immediately following the TSST or control task, participants completed questionnaires including focused on stressor appraisal, state anxiety and affect scores. Furthermore, approximately 30 min following this, the general distrust, and empathy scales were completed.

Blood, which was continuously being drawn through a Dakmed ambulatory pump, was sampled at five time-points during the session, which included 15 min before the TSST or the written employment task (controls), immediately before the stressor/tasks began, and then at five, 15 and 30 min following completion of the TSST or the written employment task.

Upon arrival to the experimental session, the friend was led to a nearby room in which they signed an informed consent, and were asked to complete a questionnaire booklet assessing basic demographic information, depressive symptomatology, a closeness of relationship measure, and empathy scores. They were told about the stressful nature of the employment task (their friend would undergo), and told that they would be assisting the participant during the 10 min preparatory period. They were asked to provide as much support as possible to their friend. Once the preparatory period was complete, participants were asked to return to a nearby room to complete the remainder of the questionnaires. They were not present when the participant was being tested (instructions adapted from [@bib22]).

2.3. Measures {#sec2.3}
-------------

### 2.3.1. Depression {#sec2.3.1}

The 21-item Beck Depression Inventory (BDI) was used as a measure of depressive symptomatology ([@bib3]). Each item comprises one of four options, ranging from low to high depressive symptomatology. Total scores were calculated by summing across all items, (Chronbach\'s α = .88).

### 2.3.2. Closeness of relationship {#sec2.3.2}

Inclusion of other in the self scale (IOSS) ([@bib1]) was used to assess closeness of the friend and the participant. This assessment provides a graphical representation of seven separate Venn-like diagrams, in which participants are asked to choose one, where increasing overlap between two circles represents a greater degree of closeness.

### 2.3.3. Distrust and cynicism {#sec2.3.3}

An 8-item Distrust and Cynicism Scale (derived from the Cook-Medley Hostility Scale) was used to measure general feelings of cynical distrust ([@bib19], [@bib20]). Each item can be rated from 0 (completely disagree) to 3 (completely agree). A total score was calculated by taking the mean across all items (*α* = .82). Items such as; *'It is safer to trust nobody'* can be found in this scale.

### 2.3.4. Empathy {#sec2.3.4}

The 28 item Interpersonal Reactivity Index ([@bib11]) was used to assess total empathy scores. Each item ranges from 0 (does not describe me well) to 4 (describes me well), with higher scores reflecting greater empathy. Items such as, '*I am often quite touched by things that I see happen*,' can be found in this scale. Total empathy scores were created using a mean across all items (α = .82).

### 2.3.5. Stress appraisals {#sec2.3.5}

The 28-item Stress Appraisal Measure (SAM) ([@bib40]) comprises multiple subscales representing appraisals of threat, challenge, centrality, stressfulness, controllability and uncontrollability. In the present study, only the four items that represent the subscale for stressfulness were used. These items were measured on a five-point scale ranging from 1 (not at all) to 5 (extremely), with higher scores indicating higher levels of perceived stress. A mean across all items created a total stress appraisal score (α = .95).

### 2.3.6. Anxiety {#sec2.3.6}

State anxiety was assessed using the Spielberger State Trait Anxiety Inventory (STAI) ([@bib45]). The 20-item state anxiety scale was used to measure current feelings of anxiety following the TSST. Items ranged from 1 (not at all) to 4 (very much), where higher scores indicate greater state anxiety. Total scores were obtained by summing across all items (α = .95).

### 2.3.7. Mood {#sec2.3.7}

The 41-item Positive and Negative Affect Schedule (PANAS) ([@bib56]) assessed the presence and severity of positive and negative affective states following the TSST. Responses ranged on a six-point scale from 0 (not at all) to 6 (extremely). Various mood-state subscales were calculated including sadness (α = .91), anger (α = .94), fear (α = .93) and shame (α = .96). Total negative affect scores were calculated by a mean across items (α = .94).

### 2.3.8. Blood collection {#sec2.3.8}

Blood samples were collected continuously, at a low draw rate, (2.08 mL/5 min) into chilled EDTA coated (for plasma) and Serum separator (for serum) vacutainer tubes. Separate chilled EDTA tubes were used for the collection of oxytocin, which contained aprotinin. Samples were taken at an increased draw rate (6.9 mL/5 min) 15 min before the TSST or the employment task (controls), immediately before the stressor/tasks began, and then at five, 15 and 30 min post-task. Approximately 2.76 mL of plasma and serum were collected for each of the time-points of interest. Following collection, samples were centrifuged for 15 min at 4 °C and 2100 g, plasma and serum were immediately aliquoted into Eppendorf tubes and frozen at −80 °C.

### 2.3.9. Plasma cortisol {#sec2.3.9}

Plasma cortisol was determined in duplicate by a radioimmuno assay (RIA) using the ^125^I kit obtained from ICN Biomedicals Inc., Irvine, CA. The assays were performed according to the manufacturer\'s instructions. The intra-assay variability was less than 8% and the minimum detectable concentration was .17 μg/dL.

### 2.3.10. Plasma oxytocin {#sec2.3.10}

Prior to the assay, oxytocin was extracted as recommended following the procedure manual from Enzo Life Science Inc., (Farmingdale, NY). For the extraction procedure, 1 mL of plasma was used and samples were evaporated with nitrogen gas, following which samples were stored at −20 °C until the assay. Plasma oxytocin concentrations were determined through an ELISA kit obtained from Enzo Life Science Inc., according to the manufacturer\'s instructions. The intra-assay variability was less than 12%. Furthermore, according to the manufacturer\'s kit information, cross reactivity for arginine vasopressin was less than .02% and the minimum detectable was 3.75 pg/mL.

### 2.3.11. Serum estradiol {#sec2.3.11}

Serum estradiol was determined through an ELISA kit obtained from Invitrogen (Camarillo, CA). This assay was performed according to the manufacturer\'s instructions. The intra-assay variability was less than 5% and the minimum detectable concentration was 5 ± 2pgmL.

Of the 67 participants, there were four individuals from whom blood samples could not be obtained due to complications with small veins. As well, in some instances participants did not have five valid samples for hormone detection (e.g., failure of blood collection equipment, collapsed vein or not enough blood could be obtained), thus they were removed from any repeated measures analyses and as such the *n\'s* per group will vary.

3. Statistical analyses {#sec3}
=======================

Statistical analyses were performed using SPSS for Windows 18.0 (SPSS Science, Chicago, Illinois, USA). Analyses assessing the influence of the TSST on stress appraisals and state anxiety were performed using one-way analyses of variance (ANOVA) (Stressor Condition: controls, stress-support, stress-no support). A MANOVA was used to determine the effects of the TSST condition on mood outcomes, including sadness, anger, fear, shame and negative affect. Oxytocin was analyzed using a 3 (Stressor Condition) x 5 (Time: 5 time-points) mixed measures ANOVA with Time serving as the within-group factor. For cortisol assessment, an area under the curve (AUC) analysis with respect to increase was performed using the formula proposed by [@bib42] with Stressor Condition and Oral contraceptives (yes vs. no) serving as the between groups factors. Follow-up comparisons comprised t-tests with a Bonferonni correction to maintain the alpha level at .05. Additionally, Pearson\'s correlation coefficients were determined between cortisol, oxytocin, and distrust levels. Pearson\'s correlation coefficients were also determined between the friends\' psychosocial scores and the participants\' psychosocial and biological scores.

4. Results {#sec4}
==========

4.1. Psychosocial responses {#sec4.1}
---------------------------

As expected, prior to the TSST, there were no differences between individuals in the control, stress-support, or stress-no support conditions on levels of depressive symptoms, *F* (2, 64) = .21, *p* = .81. Following the TSST, stress appraisals varied as a function of the Stressor Condition, *F* (2, 64) = 37.08, *p* \< .001, *η*^2^ = .54. As shown in [Fig. 1](#fig1){ref-type="fig"}A, individuals in both the stress-support and the stress-no support conditions reported elevated stressfulness compared to controls, *p* \< .001 and *p* \< .001, respectively. State anxiety also differed with the Stressor Condition, *F* (2, 64) = 9.94, *p* \< .001, *η*^2^ = .24, such that individuals who were stressed but did not receive support exhibited elevated state anxiety compared to controls, *p* \< .001, an effect not apparent among the stressed individuals who received social support *p* = .15 ([Fig. 1](#fig1){ref-type="fig"}B).

A significant MANOVA revealed differences in affective states following the TSST as a function of the Stressor Condition, *F* (10, 122) = 4.77, *p* \< .001, *η*^2^ = .28. As shown in [Fig. 2](#fig2){ref-type="fig"}, there was an overall effect of stress for feelings of shame, *F* (2, 64) = 13.88, *p* \< .001, *η*^2^ = .30, such that higher levels of shame occurred among both the stress-no support and stress-support conditions compared to controls, *p* \< .001 and *p* = .001 respectively. Levels of sadness also differed between Stressor Conditions, *F* (2, 64) = 6.10, *p* = .004, *η*^2^ = .16. Specifically, the stressed-no support group displayed elevated sadness compared to controls, *p* \< .001, whereas individuals who were stressed but received support did not differ from controls, *p* = .32. Feelings of anger differed between Stressor Conditions, *F* (2, 64) = 7.90, *p* = .001, *η*^2^ = .20, such that individuals in the stress-no support condition reported more anger compared to controls, *p* = .001, an effect not apparent among individuals in the stress-support condition. Further, as shown in [Fig. 2](#fig2){ref-type="fig"}, anger tended to be somewhat higher in the stress-no support compared to the stress-support condition, although this only approached significance, *p* = .06. Fear and negative affect followed a similar trend, *F* (2, 64) = 10.21, *p* \< .001, *η*^2^ = .24 and *F* (2, 64) = 10.54, *p* \< .001, *η*^2^ = .25 respectively. In these instances, individuals who were stressed and had no support displayed elevated fear and negative affect compared to controls, *p\'s* = .001 and their stress-support counterparts, *p\'s* = .02.

4.2. Friends\' responses {#sec4.2}
------------------------

An analysis was conducted to assess the extent to which the participants and the friends they brought to the laboratory shared the closeness they felt toward each other. Unexpectedly, the correlation of perceived closeness between the friend and the participant, indicated that friends\' perceptions of closeness and participants\' perceptions of closeness with each other were unrelated, *r* (15) = .02, *p* = .93. Furthermore, friends\' perceptions of closeness were not related to participants\' psychosocial responses to the TSST, including state anxiety *r* (15) = .15, *p* = .56, stress appraisals, *r* (15) = .17, *p* = .50, and any of the participants\' biological scores at baseline or in response to the TSST. As well, the participants\' perceptions of closeness also did not significantly correlate with their psychosocial or biological stress responses and similarly, the friends\' level of empathy did not relate to the participants\' state anxiety, *r* (16) = −.05, *p* = .86, or stress appraisal, *r* (16) = −.02, *p* = .93 scores.

Interestingly, empathy scores of the friend were inversely related to the participants\' cortisol levels at both baseline, *r* (15) = −.60, *p* = .01, and following the TSST, *r* (15) = −.50, *p* = .04. As well, a relationship was found between the friends\' level of empathy and the participants\' basal oxytocin levels, such that higher empathy from the friend was associated with elevated oxytocin levels at baseline among the participants, *r* (15) = .56, *p* = .02. A similar association was not observed in relation to oxytocin scores following the TSST.

4.3. Biological responses {#sec4.3}
-------------------------

It was first of interest to examine the relationships between baseline oxytocin levels with depression and distrust scores. As shown in [Table 1](#tbl1){ref-type="table"}, depressive scores were not significantly associated with oxytocin, however, a significant inverse relationship was found between distrust and oxytocin, *r* (59) = −.28, *p* = .03. As well, oxytocin at baseline was inversely related to baseline cortisol levels, *r* (55) = .28, *p* = .04. This correlation was not found to be significant when run separately according to Stressor condition.

### 4.3.1. Oxytocin, cortisol and estradiol {#sec4.3.1}

Although estrogen is known to influence oxytocin transcription, as shown in [Table 1](#tbl1){ref-type="table"}, no relationship was found between levels of oxytocin and estradiol at baseline. Almost half of the females in the current experiment reported using oral contraceptives (*n* = 30), whereas 36 females were not taking oral contraceptives. As expected, females taking oral contraceptives (*M* = 40.31, *SE* = 8.26) displayed reduced serum estradiol levels compared to females not taking oral contraceptives, (*M* = 73.84, *SE* = 8.47), *t* (1, 52) = 2.83, *p* = .007. Similar to estradiol, oxytocin levels at baseline also did not vary based on whether females were using oral contraceptives or not, *F* (2, 59) = .35, *p* = .55. Therefore, for further oxytocin analyses, neither oral contraceptives nor estrogen were controlled for. There were no initial difference between controls (M = 10.54 ± 4.98), the stress-support (M = 10.97 ± 1.11) or stress-no support (M = 12.06 ± .96) groups on baseline levels of oxytocin, *F* (2, 59) = .65, *p* = .53. Furthermore, over the course of the TSST or the written employment task (for controls), oxytocin levels did not significantly increase, although there was a trend in this direction, *F* (4, 180) = 2.14, *p* = .08, *η*^2^ = .05. Additionally, oxytocin levels in response to the TSST did not vary by Stressor Condition, *F* (8, 180) = .40, *p* = .92. In addition to this analysis, AUC analyses were also conducted for oxytocin with respect to ground (full area beneath the oxytocin scores, irrespective of whether or not oxytocin rose) and with respect to increase (change of oxytocin levels). In neither instance were differences found between conditions.

Oral contraceptive users displayed elevated baseline cortisol levels (*M* = 14.19, *SE* = 1.61) compared to individuals not taking oral contraceptives (*M* = 8.62, *SE* = 1.15), *t* (1, 55) = −2.88, *p* = .006. However, cortisol levels did not vary as a function of menstrual phase or smoking. Thus, oral contraceptive use was included as a variable in subsequent analyses relating to cortisol. Individuals not taking oral contraceptives included, (control, *n* = 8), (stress-support, *n* = 9) and (stress-no support, *n* = 14), and individuals who were taking oral contraceptives included, (control, *n* = 10), (stress-support, *n* = 7), and (stress-no support, *n* = 8). An analysis of area under the curve (AUC) indicated that although there was no main effect of Stressor Condition on cortisol, *F* (2, 50) = 2.22, *p* = .12, *η*^2^ = . 08, there was a main effect of Oral contraceptives, *F* (2, 64) = 6.50, *p* = .014, *η*^2^ = .12, with a larger AUC being present among individuals who were taking oral contraceptives (mean difference = 154.27). Additionally, cortisol varied as a function of the Stressor Condition × Oral contraceptives interaction, *F* (2, 50) = 5.44, *p* = .007, *η*^2^ = .18. As shown in [Fig. 3](#fig3){ref-type="fig"}, and confirmed by the follow-up tests of the simple effects comprising this interaction, among individuals not using oral contraceptives (left hand panel), cortisol did not vary in relation to the TSST. However, for individuals using oral contraceptives, the stress-no support group displayed a larger cortisol AUC compared to controls (mean difference = 358.86), *p* = .004. Further, while there were no differences between controls and individuals who were stressed with support available, the AUC tended to be greater in the stress-no support group compared to the stress-support group (mean difference = 266.77), *p* = .07[1](#fn1){ref-type="fn"}. Cortisol was also examined through an individual-peak analysis, which accounts for the fact that individuals display peak cortisol levels at different times following a stressor, and the results were identical.

5. Discussion {#sec5}
=============

In the current study, the TSST increased stressor appraisals irrespective of social support being available, whereas state anxiety scores following the TSST were only elevated among individuals who were stressed and did not receive support. In essence, although participants in both conditions were equally cognizant of the stressor, social support buffered the anxiety associated with the TSST. Similarly, relative to controls, individuals who were stressed and did not receive support displayed high levels of anger, fear, and sadness as well as overall negative affect. In contrast, stressed individuals who received support did not exhibit elevations of these emotions, again pointing to the stress-buffering effects of social support ([@bib8]). Interestingly, despite the effectiveness of social support in acting against some of the negative emotions promoted by the TSST, feelings of shame were not diminished by support. It is not immediately apparent why shame was not attenuated; however, such feelings may be a uniquely powerful emotion (relative to the others measured), being a threat to the 'social self', and might thus not be amenable to being appreciably diminished by social support ([@bib21]).

Although the availability of social support was accompanied by reductions of several negative emotions, the independent assessments made by participants and their friends regarding their closeness were not consistent with one another (i.e., participants\' perceived closeness to the friend was not necessarily shared). Likewise, the degree of closeness and/or empathy expressed by the friend was not related to anxiety or negative affect elicited by the TSST among participants, and similarly, the participants\' perceived closeness to the friend was unrelated to their feelings of anxiety or negative affect. It has been predicted that relationship quality is an important component of support efficacy ([@bib25]). However, in the present investigation social support appeared to buffer against anxiety and negative emotionality irrespective of perceived closeness. In effect, simply because individuals did not share their perceived closeness, this may not have had any bearing on the effectiveness of the support provided. The measure of closeness adopted (Inclusion of other in the self) is one that has been frequently used and is considered to be a valid measure of closeness ([@bib52]).

5.1. Basal oxytocin {#sec5.1}
-------------------

Given the presumed relationship between oxytocin and prosocial behaviors, and that oxytocin was also implicated in inferring the mood states of others ([@bib14]), it is interesting that having a friend present with generally high levels of empathy was related to elevated oxytocin levels among participants. Although it is tempting to suggest that the higher empathy of the friend caused an oxytocin release, the correlational nature of the data preclude this conclusion. Empathy has been found to be related to endogenous oxytocin release, particularly among females ([@bib2]), and intranasal oxytocin promotes empathetic behaviors ([@bib14]), but it has yet to be shown that empathy of one individual may be related to oxytocin levels in a close other. This finding, being the first of this nature to be reported, certainly needs to be replicated.

Lower baseline oxytocin levels were related to higher levels of distrust, which is consistent with the reported elevated plasma oxytocin levels associated with trust behaviors in a monetary game ([@bib57]) as well as trust-related interactions involved in sharing secrets ([@bib29]). Furthermore, salivary oxytocin correlated positively with trust upon arriving to a laboratory testing condition for a second time ([@bib54]). Consistent with these reports, intranasal oxytocin administration increased trust-related behaviors in a monetary game ([@bib31]), and trust with confidential information ([@bib38]). Unlike the studies showing a relationship between endogenous oxytocin and trust ([@bib57], [@bib29]), however, such a relationship has not always been reported ([@bib7]). It was suggested that these discrepant results may be due to the procedure in the former studies not including the extraction of oxytocin from samples prior to the assay being conducted and hence the presence of oxytocin may have been contaminated by other factors being assayed concurrently ([@bib7]). In the current study, the relation between oxytocin and basal levels of general distrust was found in samples where the hormone was extracted prior to the assay, although this does not imply that oxytocin scores would be linked to trust or distrust following an experimental manipulation.

Consistent with reports that oxytocin administration reduces cortisol levels ([@bib13], [@bib35], [@bib5]), baseline oxytocin was inversely related to circulating cortisol. Although oxytocin is thought to contribute to affiliative/social approach behaviors by diminishing fear/anxiety ([@bib49]), it is uncertain whether the oxytocin link to cortisol was tied to prosocial behaviors.

5.2. Oxytocin and cortisol in relation to post-stressor responses {#sec5.2}
-----------------------------------------------------------------

Although studies in animals have indicated that oxytocin elevations are elicited by acute stressors ([@bib39], [@bib10]), such effects are less consistently observed in humans. Cortisol treatment in humans is known to increase oxytocin levels ([@bib53]), and thus it might have been expected that a stressor would elicit a similar outcome. In this regard, it was shown that the TSST elicited a rapid increase in salivary OT ([@bib26]). That said, as oxytocin measurements in the saliva and blood may not be measuring the same thing ([@bib36]), it is premature to base conclusions that incorporate oxytocin variations elicited by stressor in these two different products. However, as previously observed ([@bib50], [@bib12]), plasma oxytocin levels were unaffected by the TSST, and this was the case in the current manuscript regardless of circulating estradiol levels or whether women were using oral contraceptives. It is also important to consider that oxytocin is released in a pulsatile fashion and is a dynamic process ([@bib34]) and thus, it is possible that the time of collection did not capture changes in this hormone. This said, blood for each sample was collected over a two minute period, and samples were taken at three post-stressor intervals, thus making this possibility less likely.

Cortisol profiles among women taking oral contraceptives, as in earlier reports ([@bib30]), were distinct from non-oral contraceptive users. Compared to females not using oral contraceptives, those taking oral contraceptives in the current study displayed elevated baseline plasma cortisol levels as well as greater plasma cortisol responses to the TSST. Indeed, it was only among women using oral contraceptives that the TSST effectively increased plasma cortisol. Although it has been reported that oral contraceptive users displayed a blunted cortisol response, this only occurred when cortisol was measured in saliva, whereas an appreciable increase (55%) was apparent in blood ([@bib30]). Thus, the present findings in blood are consistent with those previously reported, and reinforce the distinction between salivary 'free' cortisol and total cortisol levels in plasma (which mainly comprises 'bound' rather than free cortisol). It was suggested that among oral contraceptive users, estrogen stimulates corticosteroid-binding globulin (CBG) synthesis, resulting in reduced free bioactive cortisol ([@bib27]) and enhanced bound cortisol. This aside, it was surprising that cortisol levels among females not taking oral contraceptives were largely unaffected by the TSST. The high baseline estradiol levels among females in the current study who were not taking oral contraceptives, may have contributed to the lack of cortisol change in response to the TSST. In this regard, it has been observed that women with high estrogen levels (corresponding to the luteal phase of the cycle), display significantly increased free cortisol levels in response to stressors (i.e., within saliva), but blunted blood cortisol stress responses ([@bib30]). Furthermore, it may be significant that although the TSST is a potent stressor, its effects on cortisol are typically more pronounced among males ([@bib28]). This could be related to differences of sex hormones, but it could also be linked to the finding that males tend to display greater responses to achievement-oriented stressors, such as mathematics and verbal tasks, whereas women show a greater reactivity to rejection related stressors ([@bib47]).

Among oral contraceptive users in the present study, social support attenuated the cortisol rise in response to the TSST that was otherwise evident among the individuals who did not receive support. It is thought that one potential mechanism by which social support may buffer cortisol stress responses is through hypothalamic oxytocin release, as treatment with an oxytocin receptor antagonist blocked the social buffering effects in rodents ([@bib46]). Likewise, female children that received some form of support from their mothers displayed elevated oxytocin and attenuated cortisol responses to the TSST ([@bib44]). Thus, although it might have been expected in the current investigation that the females receiving social support from a close friend would display elevated oxytocin levels following the stressor, this hormone was unaffected by the social support manipulation. Given that plasma oxytocin might not reflect changes in brain oxytocin, our findings do not necessarily suggest that brain oxytocin levels are unimportant in the buffering effects of support ([@bib32], [@bib33]). In essence, central oxytocin release could buffer HPA axis responses to stressors, but levels of this hormone in the periphery might not adequately reflect oxytocin changes in brain.

There were several limitations associated with the current investigation. The sample size was admittedly modest, but it is unlikely that increasing the sample size would have had any bearing on the lack of an oxytocin rise in response to the stressor or the absence of a cortisol rise among women not using oral contraceptives as in both instances, the stressor did not elicit even a hint of a hormonal change. We cannot exclude the possibility that, in this instance, the TSST was not stressful enough to activate the HPA axis among all participants. However, as already indicated, the cortisol measure was determined in blood, and it is uncertain how the stressor and use of oral contraceptives might have interacted in affecting free cortisol in saliva. Ideally, cortisol levels should have been determined from both saliva and blood. It may also be the case that the lack of hormonal change was due to the timing of the baseline sample. In this regard, participants\' baseline sample was drawn 10 min following needle insertion (40 min after arrival to the laboratory) and therefore, hormone levels may have already increased as a result of the anxiety associated with the needle prick. Ideally, a longer length of time should have transpired between needle insertion and the baseline sample; however, as the continuous blood draw was already 70 min, this was not considered feasible. In this regard it would have also been advantageous to have extended the blood draw in order to capture the cortisol decline and return to baseline levels, however, once more this was unfortunately not feasible. Furthermore, a group was not included in the present study in which support was available in the absence of a stressor manipulation. Thus, it was not possible to examine the influence of social support on oxytocin levels over time in the absence of a stressor. Likewise, it would have been advantageous to include a manipulation in which a neutral party was present (as opposed to a friend) who could have acted as a distractor and thus modified the stress response. In this way it could be determined whether the buffering effects observed with respect to cortisol were linked to a close friend being present prior to the actual TSST or whether simply having another person present could have acted in this capacity, possibly by distracting participants.

These caveats notwithstanding, the current study addressed several important issues concerning endogenous oxytocin functioning in relation to stressful experiences. Only a limited number of studies have included females in research pertaining to stress and oxytocin, particularly those studies in which intranasal oxytocin was administered (owing to complications relating to hormonal fluctuations across the menstrual cycle). Yet, increasing evidence has pointed to differential actions (or correlations) of endogenous and exogenous oxytocin on various behaviors among men and women ([@bib51], [@bib23]), thus suggesting that this hormone may potentially serve different functions in men and women. The present investigation, in women, suggested that basal oxytocin and cortisol levels are related, and oxytocin is linked to attitudes, such as distrust and empathy. A psychosocial stressor in the form of the TSST, did not affect plasma oxytocin levels, but among women using oral contraceptives the stressor increased circulating cortisol. This outcome could be buffered by social support, and once again this occurred despite oxytocin levels in plasma being unaffected by this manipulation. This is not altogether surprising as plasma oxytocin might not be an accurate reflection of oxytocin functioning within stress-relevant brain regions ([@bib32], [@bib33]). Certainly, it needs to be determined whether circulating oxytocin is an ideal measure to assess the linkage to the stress-attenuating properties of social support. This said, studies in animals have made it fairly clear that central oxytocin release is fundamental to the positive effects of social support on stress responses ([@bib46]), but studies in humans have typically relied on plasma oxytocin to provide data relevant to prosocial behaviors. In this regard, efforts have been made to assess the effects of intranasal oxytocin treatment, but it is uncertain how much of the hormone actually reaches the brain. Nonetheless, in humans, this approach is a reasonable option at the moment, particularly when coupled with analyses of polymorphisms related to oxytocin or its receptor.
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Parenthetically, although not predicted a priori, given that oral contraceptive use affected cortisol responses to the TSST, we also assessed state anxiety under these conditions. This analysis revealed that state anxiety varied as a function of the Oral contraceptive × Stress condition interaction, F (2, 60) = 4.95, p = .01, η^2^ = .14. The simple effects comprising this interaction revealed that state anxiety scores did not differ among the stressor groups for individuals not taking oral contraceptives. In contrast, among women using oral contraceptives, individuals in the stress-no support condition displayed significantly elevated state anxiety scores compared to controls, p \< .001 and the stress-support condition, p = .001.

![Stress appraisal scores (A) and State anxiety levels (B) among the controls (*n* = 26), stress-support (*n* = 18) and stress-no support (*n* = 23) following the TSST. Data represents means ± S.E.M. \*\**p* \< .001.](gr1){#fig1}

![Affective states including shame, sadness, anger, fear and overall negative affect among the controls (*n* = 26), stress-support (*n* = 18) and stress-no support (*n* = 23) conditions following the TSST. Data represents means ± S.E.M. + *p* = .06, \**p* \< .05, \*\**p* ≤ .001.](gr2){#fig2}

![Cortisol levels in plasma (μg/dL) collected at five time points including 15 min prior to the TSST (T1), immediately before the TSST began (T2) and five minutes (T3), 15 min (T4) and 30 min (T5) following the TSST. The graph represents individuals who were not taking oral contraceptives (left panel) in the control (*n* = 8), stress-support (*n* = 9) and stress-no support (*n* = 14), conditions as well as the individuals in the control (*n* = 10), stress-support (*n* = 7), and stress-no support (*n* = 8), conditions who were taking oral contraceptives (right panel). Data represents means ± S.E.M.](gr3){#fig3}

###### 

Zero-order Pearson correlations between depressive symptoms, distrust and baseline oxytocin, cortisol and estradiol levels.

                            1         2        3        4      5
  ------------------------- --------- -------- -------- ------ ----
  1\. Depressive symptoms   --        --       --       --     --
  2\. Distrust              .55\*\*   --       --       --     --
  3\. Oxytocin              −.15      −.28\*   --       --     --
  4\. Cortisol              .16       .15      −.28\*   --     --
  5\. Estradiol             .05       −.05     .05      −.24   --

\*\**p \<* .001; *\**p* \<* .05.
